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POWER CONVERTER PERMITTED TO BE
REDUCED IN SIZE AND MANUFACTURED
AT DECREASED COST

CROSS REFERENCE TO RELATED DOCUMEN'T

The present application claims the benefit of priornity of
Japanese Patent Application No. 2011-193677 filed on Sep. 6,
2011, the disclosure of which 1s mncorporated herein by ret-
erence.

BACKGROUND

1. Technical Field

This application relates generally to a power converter
equipped with a semiconductor module 1n which semicon-
ductor devices are fabricated and a capacitor working to

smooth the voltage applied to the semiconductor module.
2. Background Art

FIGS. 11 to 13 illustrates a conventional power converter 9,
as taught in Japanese Patent First Publication No. 2009-5462,
which works to perform power conversion between DC
power and AC power. The power converter 9 consists of a
plurality of semiconductor modules 92 1n which semiconduc-
tor devices are installed. Each of the semiconductor modules
92 1includes power terminals 920. The semiconductor mod-
ules 92 and cooling pipes 98 for cooling the semiconductor
modules 92 are laid to overlap each other to form a semicon-
ductor stack 910. The semiconductor stack 910 1s disposed 1n
a casing 96 together with other parts.

The power terminals 920 are coupled to bus bars 93 which
are made up ol a positive bus bar 93a, a negative bus bar 935,
and an ac bus bar 93c¢. Specifically, the positive bus bar 93a 1s
connected to a positive electrode of a dc power supply (not
shown). The negative bus bar 935 1s connected to a negative
clectrode of the dc power supply. The ac bus bar 93¢ 1s joined
to an ac load. The ac bus bar 93¢ has terminals 939, as
illustrated 1n FIG. 13, mounted on output terminal tables 913.

The power converter 9 1s, as illustrated 1n FIGS. 11 and 12,
also equipped with a capacitor 94. The capacitor 94 works to
has two bus bar connector terminals 940 and two input ter-
minals 941. The bus bar connector terminals 940 are coupled
to the positive bus bar 93a and the negative bus bar 935,
respectively. The mput terminals 941 are coupled to the dc
power supply. The capacitor 94 works to smooth a dc voltage
applied to the positive bus bar 934 and the negative bus bar
93b. The capacitor 94 is located adjacent the semiconductor
stack 910 1n a direction (1.e., a Z-direction in FIGS. 11 and 12)
in which the power terminals 920 extend.

The capacitor 94 has input terminals 941 to which connect-
ing members 99 are joined for connection to the dc power
supply. The connecting members 99 have ends 990 mounted
on mput terminal tables 912. Connector terminals (not
shown) of the dc power supply are laid on and joined to the
ends 990 using bolts (not shown). The bolts are inserted mnto
the casing 96 through an opening 960. The input terminal
tables 912 1s disposed close to the opening 960 for facilitating
the ease with which the bolts are fastened into the input
terminal tables 912.

The power converter 9, however, faces the following draw-
back. The mput terminal tables 912 are disposed away from
the capacitor 94 1n the Z-direction, thus resulting in need for
increasing the length of the connecting members 99 1n the
Z-direction, which leads to increase 1n amount of metal mate-
rial used in making the connecting members 99 and 1n pro-
duction cost of the power converter 9.
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The increase 1n length of the connecting members 99 also
results 1n an increase in space in the casing 96 occupied
thereby, thus increasing the overall size of the power con-
verter 9.

SUMMARY

It 1s therefore an object of this disclosure to provide an
improved structure of a power converter which 1s easy to
produce at a decreased cost and permitted to be reduced in
s1ze thereof.

According to one aspect of an embodiment, there 1s pro-
vided a power converter which may be employed 1n automo-
tive vehicles such as electric cars or hybrid cars. The power
converter comprises: (a) a semiconductor stack made up of a
plurality of semiconductor modules and a plurality of cooling
paths, each of the semiconductor modules including a main
unit 1n which semiconductor devices are mounted and power
terminals which extend from the semiconductor module, the
cooling paths having a cooling medium flowing therethrough
to cool the semiconductor modules; (b) a plurality of bus bars
coupled to the power terminals, the bus bars including a
positive bus bar connecting with a positive electrode of a dc
power supply, a negative bus bar connecting with a negative
electrode of the dc power supply, and an ac bus bar connecting
with an ac load; (¢) a capacitor including a first and a second
bus bar connector terminal connected to the positive bus bar
and the negative bus bar, respectively, and a first and a second
input terminal connected to the dc power supply, the capacitor
working to smooth dc voltage developed between the positive
bus bar and the negative bus bar; and (d) an mnput terminal
table on which the mput terminals are mounted.

The capacitor 1s disposed 1n alignment with a first direction
in which the semiconductor modules are stacked to form the
semiconductor stack. The capacitor has a first end and a
second end opposed to the first end in a second direction 1n
which the power terminals extend from the semiconductor
modules. The first end faces 1n the second direction. The input
terminal table 1s located near the second end of the capacitor.

In the above structure of the power converter, the capacitor
1s disposed adjacent the semiconductor stack 1n the first direc-
tion 1n which the semiconductor modules are stacked. In other
words, the capacitor 1s not located, unlike the prior art power
converter 9 i FIG. 11, 1in the vicinity of the semiconductor
stack 1n the second direction 1n which the power terminals
extend, thus permitting the size or thickness of the power
converter 1n the second direction to be decreased. This pro-
vides an increased space for installation of other peripheral
parts outside the power converter 1n the second direction.

Additionally, the mnput terminal table 1s located near the
second end of the capacitor. In other words, the input terminal
table 1s disposed close to the end of the capacitor which 1s
located on the opposite side of the capacitor from the power
terminals 1n the second direction, thus allowing the length of
the mput terminals of the capacitor to be decreased. This
climinates the need for long connectors such as the connect-
ing members 99 of the prior art power converter 1 of FIG. 11,
thus resulting in a decrease in production cost of the power
converter and also permitting the size thereof to be decreased.

The power converter may also include a frame, a converter
casing, a frame holding beam, and a capacitor holding beam.
The frame retains the semiconductor stack therein. The con-
verter casing has the frame and the capacitor disposed therein.
The frame holding beam and the capacitor holding beam each
extend from an inner surface of the converter casing in a
lengthwise direction of the cooling paths and are disposed
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between the frame and the capacitor. The frame 1s held by the
frame holding beam. The capacitor 1s held by the capacitor

holding beam.

Specifically, each of the frame and the capacitor 1s sup-
ported by the converter casing at the ends thereof opposed to
cach other 1n the first direction. This ensures the stability 1n
installation of the frame and the capacitor in the converter
casing and also results in an increased degree of vibration
resistance thereof.

The frame holding beam and the capacitor holding beam
may be made by a single common beam. This permits the
amount of material of the frame holding beam and the capaci-
tor holding beam to be minimized. This results 1n decreases in
production cost and weight of the power converter.

The power converter may also include a beam extending
from the mnner surface of the converter casing in the {first
direction. The beam defines a first chamber and a second
chamber inside the converter casing. The semiconductor
stack and the capacitor are disposed 1n the first chamber. The
input terminal table 1s mounted in the second chamber. The
common beam has a first end and a second end opposed to
cach other 1n the lengthwise direction of the cooling paths.
The first end 1s joined to the converter casing. The second end
1s joined to the beam. In other words, the second end of the
common beam does not need to extend near the input terminal
table, thus eliminating the physical interference of the com-
mon beam with the input terminal table.

The first end of the common beam 1s joined to the converter
casing, while the second end 1s secured to the beam, so that

the common beam 1s fixed at two points thereol, thus resulting,
1n an i1ncrease in vibration resistance of the common beam.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from
the detailed description given hereinbelow and from the
accompanying drawings of the preferred embodiments of the
invention, which, however, should not be taken to limit the
invention to the specific embodiments but are for the purpose
ol explanation and understanding only.

In the drawings:

FIG. 1 1s a plan view which 1llustrates a power converter
according to the first embodiment;

FIG. 2 1s a sectional view taken along the line A-A 1n FIG.
1

FI1G. 3 1s a sectional view taken along the line C-C in FIG.
2;

FI1G. 4 1s a plan view which illustrates a converter casing of
the power converter of FI1G. 1;

FI1G. 5 15 a sectional view taken along the line D-D 1n FIG.
3;

FIG. 6 1s a circuit diagram which illustrates an electric
structure of the power converter of FIG. 1;

FIG. 7 1s an enlarged view taken along the line B-B in FIG.
1

FIG. 8 1s a perspective view which illustrates a modifica-
tion of semiconductor modules 1nstalled 1n the power con-
verter of FIG. 1;

FIG. 9 1s a plan view which 1llustrates a power converter
according to the second embodiment;

FIG. 10 1s an enlarged sectional view which 1illustrates a

structure of an input terminal of a power converter according
to the third embodiment;

FIG. 11 1s a traverse sectional view which illustrates a

conventional power converter;
FI1G. 12 1s a sectional view taken along the line E-E 1n FIG.
11; and
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FIG. 13 1s a sectional view taken along the line F-F 1n FIG.
13.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, wherein like reference numbers
refer to like parts 1n several views, particularly to FIGS. 1 to
8, there 1s shown a power converter 1 which may be mounted
in automotive vehicles such as electric vehicles or hybrd
vehicles. The power converter 1 1s equipped with a semicon-
ductor stack 10, a plurality of bus bars 3, a capacitor 4, and an
input terminal table 12. The semiconductor stack 10 1s made
up of a plurality of semiconductor modules 2 and a plurality
of cooling pipes 110. The cooling pipes 110 define therein
cooling paths 11.

Each of the semiconductor modules 2 includes a main unit
21 1in which semiconductor devices, as illustrated 1n FIG. 6,
are fabricated. The main unit 22 has power terminals 20
extending therefrom. Cooling medium or coolant 18 flows
through the cooling paths 11 to absorb thermal energy from
the semiconductor modules 2.

The bus bars 3 are electrically coupled to the power termi-
nals 20 of each of the semiconductor modules 2. The bus bars
3 are, as clearly illustrated 1n FIG. 2, made up of a positive bus
bar 3a, a negative bus bar 35, and ac bus bars 3¢. Specifically,
the positive bus bar 3a 1s connected to a positive electrode of
a dc power supply 7, as illustrated 1n FIG. 7. The negative bus
bar 36 1s connected to a negative electrode of the dc power
supply 7. The ac bus bars 3¢ are joined to ac loads 70, as
illustrated 1n FIG. 6.

The capacitor 4 1s equipped with two bus bar connector
terminals 40, as 1llustrated in FIG. 3, and two input terminals
41, as 1llustrated in FIG. 1. The bus bar connector terminals 40
are joined to the positive bus bar 3a and the negative bus bar
3b, respectively. The mput terminals 41 are joined to the dc
power supply 7. The capacitor 4 works to smooth the dc
voltage developed between the positive bus bar 3¢ and the
negative bus bar 3b.

The mput terminal table 12, as clearly illustrated 1n FIG. 1,
has the input terminals 41 of the capacitor 4 mounted thereon.
The capacitor 4 1s located adjacent the semiconductor stack
10 1n a direction 1n which the semiconductor modules 2 are
laid to overlap each other (which will also be referred to as an
X-direction). In other words, the capacitor 4 1s disposed at a
given 1nterval away from the semiconductor stack 10 in the
X-direction.

The capacitor 4, as can be seen from FIGS. 3 and 7, has
ends opposed to each other 1n a lengthwise direction of the
power terminals 20 (which will also be referred to as a Z-di-
rection). One of the ends of the capacitor 4, as denoted by
numeral 45, faces 1 a direction opposite the direction in
which the power terminals 20 extends from the semiconduc-
tor modules 2. The input terminal table 12 1s, as clearly shown
in FIGS. 3 and 7, located close to the end 45 of the capacitor
4.

The input terminals 41 are, as illustrated 1n FIG. 7, made of
strips extending 1n a Y-direction from a portion of the capaci-
tor 4 which 1s close to the end 45. The mput terminal 41 has
formed therein through holes 410 opening in the Z-direction.
Nuts 120 are embedded 1n the input terminal table 12. An
clectrical and mechanical joint of each of the mput terminal
41 to a connector terminal (not shown) of the dc power supply
7 1s established by putting the connector terminal on the input
terminal 41, inserting a bolt into the hole 410, and tightening
the bolt into the nut 120.
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Each of the semiconductor modules 2 1s, as 1llustrated 1n
FIG. 2, equipped with the power terminals 20 and a plurality
of control terminals 22. The power terminals 20 of each of the
semiconductor modules 20 include a positive terminal 20qa
which connects with the positive bus bar 3a, a negative ter-
minal 205 which connects with the negative bus bar 35, and an
ac (alternating current) terminal 20¢ which connects with one
ol the ac bus bars 3¢. The control terminals 22 are joined to a
control circuit board 14. The control circuit board 14 has
tabricated thereon a control circuit 140 which works to con-
trol switching operations of the semiconductor modules 2 to
convert the dc voltage applied to the positive terminal 20a and
the negative terminal 205 into an ac form. The control circuit
140 outputs the ac voltage from the ac terminal 20c.

The power converter 1 1s, as illustrated 1n FIG. 6, equipped
with the si1x ac bus bars 3c¢. The ac bus bars 3¢ have two sets
of three connecting terminals 30, each set being mounted on
an output terminal table 13 (13aq and 135). Specifically, on
cach of the output terminal tables 13a and 135, connecting
terminals (not shown) of one of the two ac loads 70 such as
electric motors are mounted.

The cooling pipes 110 are, as illustrated 1n FIG. 1, joined
together through connecting pipes 15. The cooling pipes 110
extend 1n a longitudinal direction of the semiconductor mod-
ule 2, that 1s, perpendicular to a direction in which the semi-
conductor modules 2 are stacked (i.e., the X-direction). The
outermost one of the cooling pipes 110 1n the X-direction, that

1s, the cooling pipe 110aq 1s joined to an 1nlet pipe 14 through
which the coolant 18 1s loaded 1nto the semiconductor stack
10 and an outlet pipe 17 from which the coolant 18 is dis-
charged outside the semiconductor stack 10. After entering
the inlet pipe 16, the coolant 18 1s distributed to all the cooling,
pipes 110 through the connecting pipes 15 and flows out of
the outlet pipe 17, thereby absorbing the thermal energy, as
produced by the semiconductor modules 2, to cool the whole
of the semiconductor stack 10.

The power converter 1 1s equipped with a metallic frame 5
which 1s of a substantially rectangular shape. The metallic
frame 5 has two end walls 50aq and 505 which extend perpen-
dicular to the X-direction. An elastic member, 1.e., a leafl
spring 19 1s, as 1llustrated 1n FIGS. 1 and 3, disposed between
the end wall 50q and the end of the semiconductor stack 10.
The leat spring 19 urges the semiconductor stack 10 elasti-
cally against the end wall 506 of the frame 5 to retain the
semiconductor stack 10 within the frame 5.

The power converter 1 also includes a converter casing 6 in
which an assembly of the frame 5 and the semiconductor
stack 10, the capacitor 4, the input terminal table 12, and the
output terminal table 13 are disposed. The converter casing 6,
as clearly 1llustrated 1n F1G. 4, includes a frame holding beam
61 and a capacitor holding beam 62 which extend from an
inner surtace 66 of the converter casing 6 in the longitudinal
direction of the cooling pipes 110 (1.e., the Y-direction). The
frame holding beam 61 and the capacitor holding beam 62 are
disposed between the frame 5 and the capacitor 4.

The frame 5, as 1llustrated in FIGS. 1 and 3, has ribs 51 and
52 extending from opposed ends thereol in the X-direction.
Similarly, the capacitor 4 has sub-ribs 46 and 47 extending
from opposed ends thereof in the X-direction. The ribs 51 on
one of the ends of the frame 5 are bolted to the converter
casing 6. The ribs 52 on the other end of the frame 5 are bolted
to the frame holding beam 61.

The sub-ribs 46 on one of the ends of the capacitor 4 are
bolted to the capacitor holding beam 62. The sub-ribs 47 on
the other end of the capacitor 4 are bolted to the converter
casing 6.
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The frame holding beam 61 and the capacitor holding
beam 62 are made by a single common beam 60. The frame
holding beam 61 and the capacitor holding beam 62 are each
shaped like a plate. The frame holding beam 61 1s oriented to
have a normal extending parallel to the Z-direction, while the
capacitor holding beam 62 is oriented to have a normal
extending parallel to the X-direction. Specifically, the com-
mon beam 60 1s of an L-shape 1n traverse section thereof to
define the frame holding beam 61 and the capacitor holding

beam 62.

The frame holding beam 61 and the ribs 62 have bolt holes
opening 1n the Z-direction. The joining of the ribs 51 to the
frame holding beam 61 1s achieved by inserting bolts 520 into
the bolt holds and fastening hexagon cap nuts 610 on the bolts
520. Similarly, the ribs 51 of the frame 35 have bolt holes
formed therein. The joimning of the frame S to the converter
casing 6 1s achieved by inserting bolts 520 and fastening
hexagon cap nuts 610 on the bolts 520.

The capacitor holding beam 62, as can be seen 1n FIG. 4,
has an end 625 which 1s farther away from the control circuit
board 14 1n the Z-direction and in which internal threads 620
are formed. The sub-ribs 46 of the capacitor 4 have bolt holes
opening in the Z-direction. The joining of the sub-ribs 46 to
the capacitor holding beam 62 1s achieved by inserting bolts
530 into the bolt holes and fastening them to the internal
threads 620. Similarly, the sub-ribs 47 of the capacitor 4 have
boltholes formed therein. The joining of the sub-ribs 47 to the
converter casing 6 1s achieved by inserting bolts 530 into the
bolt holes and fastening them.

The power converter 1, as illustrated mn FIG. 1, also
includes a lengthwise beam 63 extending from the inner
surface 66 of the converter casing 6 in the X-direction 1n
which the semiconductor modules 2 are stacked. The beam 63
defines, as illustrated 1n FIG. 4, a first chamber S1 and a
second chamber S2 1nside the converter casing 6. In the first
chamber S1, the semiconductor stack 10 and the capacitor 4
are disposed. In the second chamber S2, the mput terminal
table 12 and the output terminal table 13 are mounted. The
common beam 60 has ends 651 and 652 opposed to each other
in the Y-direction. The end 631 1s joined to the converter
casing 6. The end 652 1s joined to the beam 63.

The converter casing 6 1s, as illustrated in FIG. 2, made up
of two parts: a first case 6a and a second case 65 which are
bolted together. The first case 6a has an opening 68 oriented
in the Z-direction. The second case 65 has three terminal
through holes 67 (67a, 67b, and 67¢), as illustrated 1n FI1G. 1,
which open in the Y-direction. The input terminal table 12 and
the output terminal table 13 are located near the opening 68
and the terminal through holes 67.

The electrical joiming of the power converter 1 to the dc
power supply 7 (see FIG. 7) 1s accomplished by inserting
connecting terminals (not shown) of the dc power supply 7
into the terminal through hole 67a, putting bolts through the
opening 68 of the converter casing 6, and tightening the bolts
to join the connecting terminals and the input terminals 41
together. Similarly, the electrical joining of the power con-
verter 1 to the ac loads 70 (see FIG. 6) 1s accomplished by
inserting the connecting terminals of the ac loads 70 into the
terminal through holes 67 and 67 ¢, putting bolts through the
opening 68, and fastening the bolts to connect the terminals
30 of the ac bus bar 3¢ and the connecting terminals of the ac
loads 70 together. Subsequently, a cover 69 1s secured to the
cover casing 6 to close the opening 68.

The negative bus bar 354 1s, as clearly illustrated in FIG. 5,
made up of a main strip 350 and comb teeth 351. The main
strip 350 1s made of a metallic plate. The comb teeth 351
extend from the side of the main strip 350 and connect with
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the negative terminals 205 of the semiconductor modules 2.
The positive bus bar 3a 1s substantially 1dentical 1n structure
with the negative bus bar 35. The positive bus bar 3a and the
negative bus bar 35 are coupled to the bus bar connector
terminals 40 of the capacitor 4.

An electric circuit of the power converter 1 will be
described below. The power converter 1 1s, as can be seen 1n
FIG. 6, equipped with the nine semiconductor modules 2.
Each of the semiconductor modules 2 includes two semicon-
ductor devices 23 (e.g., IGBTs) and freewheel diodes 24 each
of which 1s connected in parallel to one of the semiconductor
devices 23. The semiconductor devices 23 are broken down
into upper arm semiconductor devices 23a connected to the
positive bus bar 3a and lower arm semiconductor devices 235
connected to the negative bus bar 35. The collectors of the
upper arm semiconductor devices 23a serve as the positive
terminals 20a. The emitters of the lower arm semiconductor
devices 23b serve as the negative terminals 205. The emitters
of the upper arm semiconductor devices 23a and the collec-
tors of the lower arm semiconductor devices 23b are con-
nected to the ac terminals 20c¢. The positive terminals 20q are
connected to the positive electrode of the dc power supply 7
through the positive bus bar 3a. The negative terminals 205
are connected to the negative electrode of the dc power supply
7 through the negative bus bar 3b. The ac terminals 30c¢ are
coupled to the ac loads 70 (e.g., three-phase electric motors)
through the ac bus bars 3c.

The operation and beneficial advantages of the structure of
the power converter 1 will be described below.

The capacitor 4 1s disposed adjacent the semiconductor
stack 10 1n alignment with the X-direction. In other words, the
capacitor 4 1s not located, unlike the prior art power converter
9 in FIG. 11, 1n the vicinity of the semiconductor stack 10 1n
the Z-direction, thus permitting the size or thickness of the
power converter 1 1n the Z-direction to be decreased. This
provides an increased space for installation of other periph-
cral parts in the thickness-wise direction (1.e., the Z-direction)
of the power converter 1.

The mput terminal table 12 1s, as clearly shown in FIGS. 3
and 7, disposed close to the end 45 of the capacitor 4 which 1s
located on the opposite side of the capacitor 4 from the power
terminals 20 1n the Z-direction. In other words, the input
terminal table 12 1s arranged 1n the vicinity of the capacitor 4,
thus allowing the length of the input terminals 41 of the
capacitor 4 to be decreased. This eliminates the need for long
connectors such as the connecting members 99 of the prior art
power converter 1 of FIG. 11, thus resulting 1n a decrease in
production cost of the power converter 1 of this embodiment
and also permitting the size thereof to be decreased.

The power converter 1 of this embodiment 1s, as illustrated
in FIGS. 1 and 3, equipped with the frame holding beam 61
and the capacitor holding beam 62. The frame 5 1s retained by
the frame holding beam 61. The capacitor 4 1s retained by the
capacitor holding beam 62. Specifically, each of the frame 5
and the capacitor 4 1s supported by the converter casing 6 at
the ends thereot (1.e., the ribs 51 and 52 and the sub-ribs 46
and 47) opposed to each other 1n the X-direction. This ensures
the stability in 1nstallation of the frame 5 and the capacitor 4
in the converter casing 6 and also results 1n an increased
degree of vibration resistance thereof.

In the case where the power converter 1 1s mounted in
automotive vehicles such as electric vehicles or hybnd
vehicles, mechanical vibrations usually occur during running,
of the vehicle. The power converter 1 1s, therefore, required to
exhibit a higher degree of resistance to the vibrations. The
above structure of the converter casing 6 to hold the frame 3
and the capacitor 4 tightly 1s quite effective in protecting the
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parts of the power converter 1 against the mechanical vibra-
tions during running of the vehicle.

The frame holding beam 61 and the capacitor holding
beam 62 are made of a single member (1.¢., the common beam
60), thus permitting the amount of matenial of the frame
holding beam 61 and the capacitor holding beam 62 to be
minimized. This results 1n decreases in production cost and
weight of the power converter 1.

The power converter 1, as illustrated i FIG. 1, also
includes the lengthwise beam 63 extending from the inner
surface 66 of the converter casing 6 1n a stacking direction
(1.., the X-direction) 1n which the semiconductor modules 2
are stacked. The common beam 60 has the ends 651 and 652
opposed to each other in the Y-direction. The end 651 1s joined
to the converter casing 6. The end 6352 1s joined to the length-
wise beam 63. In other words, the end 652 of the common
beam 60 does not need to extend near the input terminal table
12 and the output terminal table 13, thus eliminating the
physical interference of the common beam 60 with the input
terminal table 12 and the output terminal table 13.

The end 651 of the common beam 60 1s, as described
above, joined to the converter casing 6, while the end 652 1s
secured to the lengthwise beam 63, so that the common beam
60 1s fixed at two points thereof, thus resulting in an increase
in vibration resistance of the common beam 60.

The structure of the power converter 1 of this embodiment
1s, as apparent from the above discussion, permitted to be
reduced 1n size and production cost.

The semiconductor stack 10 1s, as described above, made
up of the cooling pipes 110 and the semiconductor modules 2
which are laid to overlap each other, but however, it may be
built up, as illustrated 1 FIG. 8, from a plurality of cooler/
semiconductor modules 29 each of which 1s made by an
assembly of an unit 21 1 which semiconductor devices are
mounted and a frame 28. The frame 28 1s greater in width than
the unit 21 in the X-direction. The unit 21 1s so disposed mnside
the frame 28 as to define chambers which form the cooling
paths 11.

FIG. 9 illustrates the power converter 1 of the second
embodiment. The same reference numbers, as employed 1n
the first embodiment, refer to the same parts, and explanation
thereol 1n detail will be omitted here.

The mput terminal table 12 1s disposed 1n alignment with
the capacitor 4 in the X-direction. The input terminals 41
extend on the opposite side of the capacitor 4 from the semi-
conductor stack 10 and are mounted on the mput terminal
table 12. This arrangement 1s useful 1n the case where 1t 1s
difficult to install the input terminal table 12 adjacent the
capacitor 4 in the Y-direction 1n terms of physical interference
with other devices disposed around the power converter 1.

Other arrangements and operations are 1dentical with those
in the first embodiment.

FIG. 10 illustrates the power converter 1 of the third
embodiment which 1s different in configuration of the 1nput
terminals 41 of the capacitor 4 from that of the first embodi-
ment. The same reference numbers, as emploved 1n the first
embodiment, refer to the same parts, and explanation thereof
in detail will be omatted here.

The capacitor 4 has two mput terminals 41: a first input
terminal 41a and a second input terminal 415. The first input
terminal 41a 1s located away from the end 45 of the capacitor
4 1n the Z-direction.

The second mput terminal 415 1s held on a terminal table 12
through a claw retainer(s) not shown which 1s formed on the
terminal table 12. The first input terminal 41a and the second
input terminal 415 are joined together by a fastening mecha-
nism 415 (1.e., a bolt and a nut 1n this embodiment).
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The second input terminal 415 1s formed by a first section
411, a second section 412, and a third section 413. The first
section 411 extends 1n the Y-direction and 1s joined to the first
input terminal 41a. The second section 412 extends from one
of ends of the first section 411 1n the Z-direction. The third
section 413 extends from the other end of the second section
412 1n the'Y-direction. The third section 413 1s mounted on the
terminal table 12. Other arrangements are 1dentical with those
of the power converter 1 of the first embodiment.

The above structure of the power converter 1 of the third
embodiment 1s so designed that the first input terminal 41a of
the capacitor 4 1s located away from the end 435 of the capaci-
tor 4, thus resulting 1n an increase 1n degree of freedom of
designing the capacitor 4. The length of the second input
terminal 415 (1.e., the second section 412) in the Z-direction
1s preferably minimized. For example, the second section 412
1s s0 shaped as to extend at right angles from the first section
411. This results 1n a minimum amount ol metallic material of
the second input terminal 415, thus decreasing the production
cost thereof and minimizing the electric resistance that 1s a
factor 1n producing the heat in the second input terminal 415.

While the present invention has been disclosed 1n terms of
the preferred embodiment 1n order to facilitate a better under-
standing thereof, 1t should be appreciated that the invention
can be embodied 1n various ways without departing from the
principle of the imnvention. Therefore, the invention should be
understood to include all possible embodiments and modifi-
cation to the shown embodiments which can be embodied
without departing from the principle of the mvention as set
forth 1n the appended claims.

What 1s claimed 1s:

1. A power converter comprising:

a stack made up of a plurality of semiconductor modules
and a plurality of cooling paths, the semiconductor mod-
ules including main bodies in which semiconductor
devices are mounted and power terminals which pro-
trude from the main bodies, the cooling paths having a
cooling medium flowing therethrough to cool the semi-
conductor modules;

a plurality of bus bars coupled to the power terminals, the
plurality of bus bars including a positive bus bar con-
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necting with a positive electrode of a dc power supply, a
negative bus bar connecting with a negative electrode of
the dc power supply, and an ac bus bar connecting with
an ac load;

a capacitor including a pair of bus bar connector terminal
connected to the positive bus bar and the negative bus
bar, and a pair of input terminal connected to the dc
power supply, the capacitor working to smooth dc volt-
age developed between the positive bus bar and the
negative bus bar; and

an 1mput terminal block on which the mput terminals are
mounted,

wherein the capacitor 1s disposed adjacent said stack 1n a
stacking direction of said stack; and

wherein the mput terminal block 1s located near an end of
the capacitor on a side opposite a side where the power
terminals are provided 1n a protruding direction of the
power terminals.

2. A power converter as set forth 1n claim 1, further com-
prising a frame having said stack fixed inside 1t, a storage
casing 1 which the capacitor and the frame are disposed, a
frame holding beam, and a capacitor holding beam which
extend from an inner surface of the storage casing in a length-
wise direction of the cooling paths and are disposed between
the frame and the capacitor, and wherein the frame 1s fixed on
the frame holding beam, and the capacitor 1s fixed on the
capacitor holding beam.

3. A power converter as set forth in claim 2, wherein the
frame holding beam and the capacitor holding beam are made
by a single common beam.

4. A power converter as set forth 1n claim 3, further com-
prising a stacking direction extending beam which extends
from the mner surface of the storage casing in said stacking
direction, the stacking direction extending beam defining a
first portion and a second portion of the storage casing, the
stack and the capacitor being disposed 1n the first portion, the
input terminal block being mounted in the second portion,
and wherein the common beam 1s connected at an end 1n the
lengthwise direction to the storage case and at the other end to
the stacking direction extending beam.
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